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Abstract: In this study the possibilities of in vitro vegatitve propagation of almond (Amygdalus communis L.) cv. Texas and cv.
Nonpareil by shoot-tip culture were investigated. Different levels of sucrose, agar and pH were tested and shoot proliferation, shoot
development and growth were observed during three successive stages, namely initiation, transplantation and multiplication. During
the initiation stage, proliferation was achieved only with 5 and 6% sucrose and the best explant development occured with 0.5%
agar and pH 5.5. During the second stage, again 5 and 6% sucrose and pH 5.5 gave the best results with respect to shoot production
and growth. Although the medium with low agar concentrations (0.5%) was favourable for shoot formation and growth, 0.7% agar
was determined to be the most appropriate level for this stage since low agar levels (0.5 and 0.6%) caused vitrification. During the
multiplication stage, the highest rate of shoot production was achieved with 3 and 4% sucrose, 0.7% agar and pH5.5, and higher
sucrose and agar levels increased callus formation at the base of the shoots.
Key Words: Almond, tissue culture, micropropagation, shoot-tip culture

Farklı Sakkaroz, Agar ve pH Düzeylerinin Bademde (Amygdalus communis L.) İn Vitro Sürgün
Verimine Etkileri
Özet: Bu araştırmada, Texas ve Nonpareil badem (Amygdalus communis L.) çeşitlerinin sürgün ucu kültürü ile in vitro vejetatif
çoğaltım olanakları araştırılmıştır. Bu amaçla farklı sakkaroz, agar ve pH düzeyleri, takip eden üç farklı kültür aşamasında (ilk dikim,
şaşırtma ve çoğaltma) ayrı ayrı test edilmiş ve sürgün proliferasyonu, sürgün gelişmesi ve büyümesi incelenmiştir. İlk dikim
aşamasında, sadece %5 ve 6 sakkaroz dozları proliferasyonu uyarmıştır, ve %0.5 veya 6 sakkaroz ile pH 5.5 ise en iyi eksplant
gelişmesini sağlamıştır. Şaşırtma aşamasında, yine %5 veya 6 sakkaroz ile pH 5.5 içeren ortamlarda sürgün gelişmesinin ve
büyümesinin en iyi olduğu görülmüştür. Her ne kadar, düşük agar dozlarında sürgün verimi ve gelişmesi iyi olmuşsa da, bu dozlarda
sürgünlerde camlaşma meydana geldiğinden, bu aşama için 0.7% agar en uygun doz olarak belirlenmiştir. Çoğaltma aşamasında ise,
en yüksek sürgün verimi %3 ve 4 sakkaroz, %0.7 agar ve pH 5.5 düzeylerinde sağlanmıştır. Yüksek sakkaroz ve agar dozlarının,
sürgünlerin dip kısımlarında kallus oluşumunu artırdığı gözlenmiştir.
Anahtar Sözcükler: Badem, doku kültürü, mikroçoğaltım, sürgün-ucu kültürü

Introduction
Almond (Amygdalus communis L. [syn. Prunus
amygdalus Batsch]) has long been grown in Turkey,
mostly along the coast of the Aegean and Mediterranean
regions, as Anatolia has been one of the main germplasm
bases of this fruit species (1). Turkey ranks in seventh
place among the largest producers of almond in the world
with a 2.5% contribution (2). Since it is a cross-pollinated
species, a continuous genetic variation has occurred in

almond through the years, which has led to the formation
of very different types in terms of crop development,
fruit yield and quality, and tolerance to environmental
stresses. To minimize the problem of enormous genetic
variation and to obtain genetically identical populations,
vegetative propagation via layerage or cutting is
inefficient due to the great problems of this fruit species
in rooting in vivo. This, therefore, makes the plant tissue
culture techniques more valuable for the clonal
propagation of almond trees.

* To whom correspondence should be addressed.
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Tissue culture techniques have been intensively used
for the clonal propagation of many tree species, of which
the fruit and timber trees are of great economic
importance (3-5). However, many tree species are not
suitable for vegetative multiplication and in those which
are suitable, to a certain extent, the process is rather
slow. There have been few reports on the propagation of
almonds through tissue culture. Mehra & Mehra (6) were
the first to report organogenesis and plant regeneration
from callus obtained from various parts of the almond
seedlings. More reports have since appeared on shoot
regeneration from callus (7-9) and embryo cultures in
almonds (10-12) but they achieved very limited success in
rooting these shoots. In vitro plant regeneration of
almonds through shoot-tip culture also gained much
attention in the late 19701s, with several researchers
reporting on clonal propagation by culturing isolated
shoot-tips on medium containing 2-3% sucrose, 0.70.9% agar and 0.7-1.0 mg/l BAP (13-15).
The present study was carried out to determine the
optimum levels of sucrose, agar and pH essentially used
in the culture medium with the aim of developing a
reliable protocol for in vitro propagation of two almond
cultivars (cv. Texas and cv. Nonpareil), which are
commonly grown in the USA, the largest producer of
almonds in the world, and were found to be very
adaptable to Turkey’s conditions (1). The effects of
different auxin and cytokinin concentrations and
combinations on in vitro shoot production in the same
cultivars were also investigated and the results will be
presented in a future report (16).
Materials and Methods
In spring, 5-10 cm long shoots, which were still
actively developing, were taken from almond (Prunus
amygdalus Batsch) trees cv. Texas and cv. Nonpareil,
grown in Ankara and washed thoroughly, first with tap
water and then with sterile water. 1.0-1.5 cm long shoottips excised from these shoots were then surface-

Inititiation Stage

Shoot Length (cm)
Transplantation Stage

sterilized in 2% sodium hypochloride for 10 min followed
by 4 rinses (5 min each) with sterile-distilled water. Then,
2-4 mm long shoot-tip meristems with 4-5 leaf primordia
were excised under a dissecting microscope in a laminar
flow hood and then incubated in either glass culture tubes
(160x15 mm) or in 250 ml Erlenmeyer flasks, containing
MS (17) basal medium supplemented with 0.1 mg/l GA3,
0.1 mg/l IBA and 1.0 mg/l BAP, which had been sterilized
by autoclaving for 15 min at 103.5 kPA. For testing the
effects of sucrose, the medium solidified with 0.7% agar
at pH 5.5 was supplemented with 2, 3, 4, 5 and 6%
sucrose. The effects of agar were epamined by keeping
the sucrose concentration at 3% at pH5.5 while changing
the agar concentration from 0.5 to 0.9% at 0.1 intervals.
Finally, different levels of pH (4.5, 5.0, 5.5, 6.0 and 6.5)
at 3% sucrose and 0.7% agar were used for testing the
effects of pH on shoot proliferation. Explants were
incubated in a controlled environment (25±1o C, 16 h
photoperiod, 2200 lux light intensity, 75±5% humidity)
and kept in culture for 18 weeks, subculturing every 3
weeks. The experiments involed three culture stages; i)
the initiation stage (the first three weeks of culture), ii
the transplantation stage (the next three weeks of culture
following the initiation stage) and iii) the multiplication
stage (the remaining 12 weeks of culture with four
subcultures at three week intervals). At the end of each
subculture during the last (multiplication) stage, multiple
shoots were singled out and then the individual shoots
were subcultured. A 1-4 scoring system was developed
for the determination of the growth rate of shoots that
developed (Table 1). Mean shoot number per explant and
the mean growth rate of the shoots were recorded at the
end of each stage, except for taking the mean of four
subcultures for the multiplication stage since this stage
lasted 12 weeks. The experiments were laid out
according to randomised plot design with 12 replicates
per treatment and the results were evaluated using the
method of analysis of variance, and statistically significant
differences were indicated in letters according to the
Duncan Test at p=0.01 (18).

Table 1.
Multiplication Stage

Growth Rate
1.0 (Poor)
2.0 (Medium)
3.0 (Good)
4.0 (Very Good)
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(0-3 weeks)

(4-6 weeks)

(7-18 weeks)

up to 0.5

up to 1.0

up to 1.0

0.6-1.0

1.1-1.5

1.1-2.0

1.1-1.5

1.6-2.0

2.1-5.0

1.6 or longer

2.1 or longer

5.1 or longer

The scoring system developed
for measuring the growth rate
of the shoots developed.
During the inititiation stage,
the growth rate of both initial
and newly proliferating shoots
was recorded while during the
transplantation
and
multiplication stages only the
growth rate of the newly
developing
shoots
was
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increasing sucrose concentrations. It was also observed
that tissue of the new explants and of the newly forming
shoots remained green throughout the culture but small
amounts of brown callus fromde at the base of the shoots
with higher sucrose levels.

Results
Effects of Different Sucrose Concentrations on
Shoot Development
Initiation Stage
Shoot proliferation was observed only with 5 and 6%
sucrose concentrations in both the cultivars tested, with a
mean of 3.6 and 3.3 shoots per explant with 5% sucrose,
and 4.0 and 4.1 shoots per explant with 6% sucrose in
cv. Texas and cv. Nonpareil, respectively. The differences
between varieties and sucrose treatments (i.e., between 5
and 6% sucrose) were not found to be significant at
p=0.01 (Figure 1). The first shoot proliferation occurred
on the 6th day of incubation with 5 and 6% sucrose
concentrations and by day 10, nearly 100% of the shoottip explants had already proliferated in both cultivars. No
shoots were produced with other sucrose concentrations
(i.e., 2, 3 and 4%). Shoot growth capacity, expressed as
the growth rate of the developing shoots (Table 1),
showed a steady increase with increasing concentrations,
with 5 and 6% sucrose concentrations producing more
vigorous shoots than the lower concentrations (Figure 1).
In addition, the growth of those explants, which did not
produce any shoots at all, continued to increase with

Transplantation Stage
As seen in Figure 2, it is apparent that during this
stage that there were no clear-cut differences between
the effects of different concentrtaions of sucrose on
shoot development in either cultivar, with the exception
of 2% sucrose which significantly lower numbers of
shoots per explant than the other concentrations.
However, the highest shoot production (7.3 shoots per
explant) was obtained in cv. Nonpareil when 3% sucrose
was used in the culture medium while concentrations of
3-6% sucrose induced similar numbers of shoots in cv.
Texas, ranging from a mean of 5.3 to 6.1 shoots per
explant. In terms of the growth rate of the shoots, as in
the initiation stage, there was a steady increase as the
sucrose level increased, with 5 and 6% sucrose
concentrations resulting in a signigicantly higher growth
rate, from 2.0 (Medium) to 3.5 (Good-Very Good), in
both of the cultivars. The shoots that developed on

Figure 1.
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medium containing 2% sucrose had a greenish-yellow
appearance whereas the others, cultured with 3-6%
sucrose, remained green and healthy throughout the
subculture. Small amounts of brown callus also formed
during this stage with only 5 and 6% sucrose
concentrations.
Multiplication Stage
During this stage, 3 and 4% sucrose levels were
found to be significantly better than the other
concentrations used in both cultivars with respect to both
shoot production, with a mean ranging from 6.3 to 7.8
shoots per explant, and growth rate of the developing
shoots, with a mean rate of 2.4-3.8 compared with 1.31.9 obtained with 2, 5 and 6% sucrose levels (Figure 3).
2% sucrose produced the least numbers of shoots and led
to a much lower shoot growth rate in both cultivars. The
shoots that developed on media containing 2, 5 or 6%
sucrose concentrations were mostly greenish-yellow
whereas those that developed which 3 and 4% sucrose
were green. Large amounts of callus developed with 5
and 6% sucrose during only this stage.
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Effects of Different Agar Concentrations on Shoot
Development
Initiation Stage
No new shoot proliferation was observed during this
stage and the explants were, therefore, evaluated for
their growth rates only (Figure 4). It was clear that the
increasing concentrations of agar caused a steady
decrease in the growth of shoot tip explants in both
cultivars, with 0.5% agar resulting in a significantly
higher shoot growth rate than the other agar
concentrations, except for 0.6% agar which was as good
as 0.5% agar in cv. Nonpareil. No visible differences in
the explant colour were observed between different agar
concentrations as all the explants were green. However,
0.8 and 0.9% agar concentrations produced small
amounts of callus at the proximal cut ends of the shoots,
and no vitrification occurred in the explants during this
stage.
Transplantation Stage
During this stage, 0.5-0.8% agar concentrations
seemed to have similar effects on shoot production in

10
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8

_

Texas
Nonpareil
a
a

Figure 3.

The effects of different sucrose
concentrations on shoot
development from shoot-tip
explants (A) and their
subsequent growth (B) during
the transplantation stage in cv.
Texas and cv. Nonpareil.

Figure 4.

The effects of different sucrose
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a mean ranging from 5.9 to 8.5 shoots per explant. As in
cv. Texas, 0.9% agar was also the least effective for shoot
production in cv. Nonpareil. For the growth rate of the
shoots, 0.5, 0.6 and 0.7% agar concentrations were
significantly better than 0.8 and 0.9% agar with each
group inducing a similar growth rate. A high level of
shoot vitrification occurred with lower agar
concentrations (i.e., 0.5 and 0.6%) in both cultivars while
high agar levels (0.8 and 0.9%) caused an increased
amount of brown callus development at the proximal end
(base, of the shoots whose leaves were greenish yellow in
appearance.

both cultivars, with a mean of 5.0-7.0 shoots per explant
and the highest agar concentration (0.9%) reduced the
number of shoots in a significant manner (Figure 5). No
clear pattern was observed in the growth rate although
concentrations of 0.5, 0.6 and 0.7% seemed noticeably
better than 0.8 and 0.9% concentration, which is broadly
consistent with the effects on shoot production during
this stage (Figure 5). All explants cultured were green but
the lower agar concentrations (i.e., 0.5 and 0.6%) caused
a low frequency of vitrification which was not observed
during the initiation stage. On the other hand, 0.8 and
0.9% agar (i.e higher concentrations), induced a small
amount of brown callus at the proximal ends of the
shoots.

Effects of Different pH Levels on Shoot
Development

Multiplication Stage

Initiation Stage

A considerable difference between the cultivars was
observed in terms of their response patterns to different
agar concentrations. Significantly more shoots were
obtained with 0.5% agar in cv. Texas than at the other
concentrations which led to a gradual decrease, up to a
mean of 2.3 shoots per explant, as the agar level
increased (Figure 6). In cv. Nonpareil, concentrations of
0.5-0.8% agar produced similar numbers of shoots with

As in the agar treatments, no new shoot proliferation
occurred during this initial stage and the shoot explants
were, therefore, evaluated for their growth rates only
(Figure 7). The results clearly indicated that pH 5.5 was
the optimum level for shoot growth in both cv. Texas and
cv. Nonpareil. As the pH level decreased from 5.5 to 4.5
or increased from 5.5 to 6.5, there were significant
decreases in the growth rate of the shoots in both
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cultivars. No detectable differences were seen between
the different pH treatments with regard to the colour of
the shoots, all having a green and healthy appearance. It
is important to point out here that no callus formation or
vitrification occurred during this stage.
Transplantation Stage
In both cultivars, pH 5.5 and 6.0 produced
significantly more shoots than the other pH levels, with
mean shoots production ranging from 4.5 to 6.8 shoots
per explant (Figure 8). With respect to shoot growth
rate, pH 5.5 was again significantly better than the other
pH levels tested. At all pH levels, explants were green
with no vitrification but at pH 6.5, small amounts of
greenish-white callus fromed at the base of the shoots.
Multiplication Stage
Again pH 5.5 was found to be significantly more
effective than the other pH levels for both shoot
production and shoot growth rate in both cultivars

(Figure 9). Unlike during the inititation and
transplantation stages, low pH levels, especially pH 4.5,
caused shoots to turn yellow in both cultivars. In addition,
the lowest (4.5) and the highest (6.5) pH levels resulted
in the development of shorter shoots with narrow, curled
and sharp-pointed leaves (i.e., leaf malformation). Large
amounts of greenish-white callus developed at the base of
the shoots again at pH 6.5 only but no vitrification
occurred.
Discussion
Since most fruit trees and ornamental plants are
highly heterozygous, their seed progeny is not true-totype. Asexual (vegetative) reproduction, on the other
hand, gives rise to plants which are genetically identical to
the parent plant and thus permits the perpetuation of the
unique characters of the cultivars (19). The almond is a
cross-pollinated species and a reliable method for the
clonal propagation would be of great value for its
Figure 8.
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Figure 9.
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breeding. We therefore attempted to develop an effective
protocol for the clonal propagation of two almond
cultivars (cv. Texas and cv. Nonpareil) through shoot-tip
culture, examining the effects of sucrose, agar and pH
during three successive culture stages.
All the factors studied were found to be highly
effective on shoot development and growth in both
cultivars. During the proliferation and trasplantation
stages, a steady increase in the mean shoot production
and mean shoot growth rate per explant was observed
with increasing sucrose (5 and 6%) which was used as a
carbon (energy) source. This may be mainly due to the
fact that high sugar levels avaliable in the culture medium
may speed up cell division thus leading to an increase in
the volume and weight of tissues cultured, as suggested
by other researchers (20). In contrast with the
proliferation and transplantation stages, lower sucrose
concentrations (3 and 4%) were significantly better
during the multiplication stage in terms of shoot
production rate and their subsequent growth, which was

consistent with the findings of Hisajima (11, 12), Rugini
& Verma (15) and Rugini (8) who suggested that 3%
sucrose should be used in all culture stages for the in vitro
multiplication of almond. However, our results differed in
that younger cultures (i.e., during the proliferation and
transplantation stages) required a higher sucrose level, 5
or 6% and as cultures proceeded further (i.e., during the
multiplication stage), the need for sucrose decreased
considerably to 3 or 4%, suggesting a direct relationship
between the rate of cell division and energy (sucrose)
consumption in the cultured tissues since cell division in
ageing tissues decreases with time (21).
We tested a range of agar concentrations from 0.5 to
0.9% and our observations demonstrated that agar levels
of 0.5-0.8 were broadly effective in promoting early
shoot proliferation, shoot development and growth
during all stages. Nevertheless, lower levels (0.5 and
0.6%) caused severe vitrification during the
transplantation and multiplication stages. Some
researchers have reported that the leaves or leaf explants
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cultured at low agar levels were able to uptake more
water from the medium and, therefore, exhibited much
higher vitrification (15, 22, 23). On the other hand,
higher agar concentrations may result in a decrease in
shoot production and growth as agar would increase the
solidness of the medium from which nutrient uptake
would be limited. Our results demonstrated that shoot
proliferation was considerably delayed, and shoot
production and growth were greatly inhibited when 0.9%
agar was used. In addition, 0.9% agar increased callus
formation which then probably became inhibitory for
shoot development. Based on our experimental results
and observations, we can suggest that 0.7% agar is the
most suitable concentration for shoot-tip culture of the
almond cultivars that we used since lower or higher levels
had adverse effects. However, the use of agar at 0.5 may
also be suggested during the initiation stage as
vitrification may not necessarily occur at a limiting level at
this early stage of the culture.
The other factor we examined was pH. It has been
reported that the pH of the medium has a regulatory
effect on nutrient uptake by the explant tissue (23, 24).
Our results indicated that pH 5.5 was the optimum
during all stages in both cultivars and either low or high
pH levels caused serious abnormalities, producing shorter
shoots with narrow, curled and sharp-pointed leaves.

There are conflicting reports on the optimum pH level for
almond tissue culture, with some determining pH 5.5 as
optimum (11, 12), which is consistent with our findings,
while others have reported that a higher level (pH 5.9)
produced the highest number of regenerants (13). This
might be attributed to gnetypic variation as it can be a
serious problem in tissue culture work with many plant
species. As a matter of fact, in our experiments we
observed differences between the cultivars in terms of
shoot production, with cv. Nonpareil usually producing
10-30% more shoots than cv. Texas cultured on the same
medium although no statistical analysis was carried out to
confirm this observation.
In conclusion, it can be summarised that a high
sucrose level (5-6%) should be used during the first and
second stages of the culture but reduced to a low level (34%) during the final stage. As for agar, unlike sucrose,
the first stage needs a low agar level (0.5%) while the
second and third stages require an increase up to 0.7%.
The pH seems to be the most consistent variable as all
stages produced their highest yield at pH 5.5.
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